Purpose -The purpose of this paper is to explore the sources of caffeine and its utilization in different food products, along with its impact on human health in terms of benefits and adverse effect.
Introduction
Caffeine (1, 3, 7-trimethylxanthine) is an alkaloid which is a large class of organic compounds, belonging to methylxanthine family. It is naturally present in the seeds, leaves and fruits of more than 63 plant species (Wanyika et al., 2010; Del Coso et al., 2012; Geethavani et al., 2014) . Generally found in coffee and tea, it is also present in kola nut which is chewed in Africa, yerba mate (usually taken with hot water in South America) as well as guarana seeds which is primarily added to soft drinks in Brazil. Caffeine is bitter to taste and is the most commonly used addictive drug. At least one caffeinated product is daily consumed by nearly 80 per cent of the world population. Caffeine consumption is most frequent through beverages such as coffee (71 per cent), soft drinks (16 per cent) and tea (12 per cent) (Nehlig, 1999) . The average intake of caffeine on daily basis varies distinctly all over the world being more than 300 mg/day in Denmark, Finland and Brazil. Also, the amount of caffeine consumed by the adult population in the USA, UK, Canada and Australia is 168, 202, 210 and 232 mg per day, respectively (Heckman et al., 2010) .
Caffeine gets readily absorbed in the body, and it reaches the brain within 5 min after its consumption (Nehlig 1999; Baribeau, 2014) and is also eliminated with an average half-life of five hours from the body (Heckman et al., 2010) . It performs various physiological functions involving its effect on the respiratory (Benowitz, 1990; Franco et al., 2013) , cardiovascular (Butt and Sultan, 2011) , gastrointestinal and the central nervous system (Baribeau, 2014) . Caffeine is generally consumed for its role to work as a mild nervous chemical stimulant towards drowsiness and fatigue (Wolde, 2014) . Caffeine has many pharmacological as well as physiological effects on the human body. The various beneficial effects of it include the reduced risk of diabetes, liver injury (Wolde, 2014 ), Parkinson's disease and Alzheimer's disease (Messina et al., 2015) , and improved psychomotor performance, alleviated mood (Giles et al., 2012) and improved overall immune response (Wolde, 2014) . On the other hand, caffeine pose many adverse effects on the body such as it causes addiction (Butt and Sultan, 2011) , anxiety, insomnia (Baribeau, 2014) , coronary artery disease, osteoporosis, gastritis, anaemia, still-births (Wolde, 2014) and other behavioural changes. This review focuses on the various sources and benefits and, at the same time, addresses the adverse effects of caffeine. The ways of using caffeine to develop different food products, such as tea, energy drinks, soft drinks, cocoa products and coffee-based beverages, have also been discussed in this review to provide a brief overview to the readers.
Methodology
The main aim of the literature searching strategy was to explore the sources of caffeine, its utilization in different food products, along with its impact on human health in terms of benefits and adverse effect. A wide variety of the relevant publications were identified through searching over the electronic databases (Sciencedirect, PubMed, SciELO, Google scholar, Linkspringer and Researchgate) on the basis of different keyword such as caffeine, sources, trends of consumption, utlization, benefits and adverse effects, regulation and labelling published before 2016. After the search of suitable literature, 84 papers were reviewed which provided the overviews of these aspects.
Sources of caffeine

Natural sources
The most important sources of caffeine are coffee (Coffea spp.), tea (Camellia sinensis), guarana (Paullinia cupana), maté (Ilex paraguariensis), kola nuts (Cola vera), cocoa (Theobroma cacao) and caffeinated soft drinks including energy drinks [Frary et al., 2005; Fulgoni et al., 2015; EFSA NDA Panel (EFSA Panel on Dietetic Products, Nutrition and Allergies), 2015] .
Coffee is cultivated worldwide, and the most important producers are Brazil, Vietnam, Indonesia, Columbia and Ethiopia. All the commercial coffee species including Coffea Arabica originate from Africa (Pohlan and Janssens, 2010) . Whereas, tea is the most widely consumed beverage after water and contains caffeine as an active dietary component. It helps to upgrade performance in tasks requiring persistent effort and attention (Bryan, 2008; Glade, 2010) . The major tea-producing countries are India, Sri Lanka, Java and Sumatra, Japan and Kenya (Willson and Clifford, 2012) . Guarana, a product of a climbing shrub (Paullinia cupana) is native to Brazil, Bolivia, Peru, Uruguay and Venezuela. Being rich in caffeine, guarana and kola nuts enjoy great popularity as they serve as a stimulant (Morton, 1992; Schimpl et al., 2013; Muhammad and Fatima, 2014) . Cocoa is primarily used in the production of chocolates, and Côte d' Ivoire is ranked as the first largest producer of cocoa beans followed by Ghana. However, Ghana is considered as the world leader in the production of premium quality cocoa beans (Ntiamoah and Afrane, 2008; Fowler and Coutel, 2017) .
Several caffeinated products are available in the market which is attracting consumer's attention. Caffeine is used for the preparation of many coffee and coffee-based beverages (instant coffee, Espresso, Cappuccino, Latte, decaffeinated coffee, coffee liqueur), tea (iced tea, decaffeinated tea, all kinds of herbal tea), energy drinks (Red Bull, Monster, Rockstar, Full Throttle, NOS, AMP energy drink, Triple X, Cloud 9, Burn) and soft drinks (diet cola) and cocoa products (dark chocolate, hot chocolate, milk chocolate bar, brownie, chocolate yoghurt, chocolate pudding, chocolate ice-cream). A complete detail of the different type of coffee, tea, energy drinks, soft drinks cocoa-based products along with their serving size and caffeine content is presented in Table I . (2012), Sengpiel et al. (2013) , Rosenbloom (2014) , Baribeau (2014) Caffeine: a boon or bane Drug as a source of caffeine The typical caffeine-containing drugs contain generally 30-100 mg caffeine per tablet or capsule, while over the counter drugs contain extensive range, namely, 150-200 mg per tablet or capsule, based on the type and brand of the product (Barone and Roberts, 1996) .
Caffeine consumption and safe limits
Caffeine is commonly consumed by various population groups such as children, adolescents and adults (Heckman et al., 2010) as a stimulant of the central nervous system (Nehlig et al., 1992; Franke et al., 2012) . It is consumed widely for its role in enhancing mood, alertness, physical performance, attention and reaction time (Heckman et al., 2010) . Trend of caffeine consumption by adolescents and young adults has increased drastically from the past decade due to increased intake of coffee and energy drinks such as Red Bull and Monster (McIlvain et al., 2011) .
Caffeine is consumed all over the world either through natural sources or synthetic food sources. The per capita consumption of caffeine by all age groups is approximately 120 mg/day (Knight et al., 2004; Wolde, 2014) , and the per capita consumption of caffeine in the UK, Finland and Sweden ranges from 100 to 400 mg per person per day (Yenisetti and Muralidhara, 2016) . Consumption level of caffeine by children is notably less as compared to the adults. The chief sources of caffeine for children and young adults are soft drinks and tea, whereas for adults older than 25 years, it is primarily derived from coffee and tea (Knight et al., 2004; Wolde, 2014) . In Australia, the highest recommended intake of caffeine is 160 mg per day (Peacock et al., 2016) . It has been found that caffeine consumption up to 400 mg per day from all the sources including natural as well as synthetic does not tend to raise the safety concerns for adult population (excluding pregnant women) as well as children. The safety limit for the pregnant and lactating women is 200 mg per day [EFSA NDA Panel (EFSA Panel on Dietetic Products, Nutrition and Allergies), 2015]. Caffeine is unlikely to produce any negative effects when consumed in moderation by majority of population but excessive consumption may lead to various health problems. Thus, a balance needs to be maintained to reduce or prevent the adverse effects associated with its over-consumption (Smith, 2002; Heckman et al., 2010) .
Caffeine is included in the GRAS (generally recognized as safe) list, as it is used in beverages like cola in accordance with the good manufacturing practices, but the level should not exceed 200 ppm which corresponds to 71 mg of caffeine per 12 ounze serving of cola-type beverages and is considered safe for consumption as per the statement of GRAS (Rosenfeld et al., 2014) . Setting up any international standard for caffeine consumption is not easy due to the wide variety of products and varying amounts of caffeine consumed in each country. For the beverages where caffeine is added in the synthetic or natural form, the daily intake guidelines and regulatory upper limits have been set by the Food and Drug Administration (FDA). The general range for soft drinks, energy drinks and other caffeinated beverages is 100 to 350 ppm (Heckman et al., 2010) . On 21 October 1980, in the federal register, FDA proposed to delete caffeine from the GRAS list, as the added food ingredient. To restrict the existing uses and levels of use of caffeine as an added food ingredient, clear information should be declared in the ingredient list on product label. For resolving the issues concerned with the teratogenic and fetotoxic properties of caffeine, FDA further projected to declare caffeine as a food additive on an interim basis pending the completion of safety studies (Rosenfeld et al., 2014) .
Health effects
Beneficial effects of caffeine Caffeine and caffeinated products such as energy drinks, cola beverages and chocolates are very popular all across the world and are constantly being advertised. Caffeine offers different benefits including its role in increasing alertness, vigilance, mood as well as psychomotor and cognitive performance (Rogers and Dernoncourt, 1998; Glade, 2010) . It helps to reduce the risk of diabetes by exerting positive effects on glucose metabolism, has protective effect against Parkinson's disease and lowers the risk of Alzheimer's disease. Caffeine may also act as an antioxidant. Therefore, it helps to prevent different diseases by protecting cells in the body against oxidative damage (Wolde, 2014) and raise the overall immunity of a person. A complete detail regarding the health benefits of caffeine is presented in Table II along with its specific remarks as given by the researchers.
Adverse effects
Although it has many health benefits and has long been used by the people for its stimulating effects, it also comes with various health hazards. Caffeine consumption is linked to the risk of developing coronary artery disease, osteoporosis, gastritis, anaemia and still-births (Wolde, 2014) . Other adverse effects of caffeine include sleep deprivation, increased heart rate and blood pressure, central nervous system disorders, vasodilation, trembling, seizures, urticaria, headaches, increased body temperature and behavioural changes. In people consuming caffeine on regular basis, it has been found that the cessation of caffeine results into many unfavourable changes such as increased occurrence of headaches, increased drowsiness and fatigue as well as lowered alertness (Rogers and Dernoncourt, 1998; Juliano et al., 2012) . The various ill-effects of excessive caffeine consumption include addiction, hormone-related cancers, increased risk of cardiovascular diseases, anxiety, insomnia, intoxication and nutrient malabsorption. It affects bones by decreasing calcium absorption in human small intestine. It is also known to affect gastrointestinal, respiratory and reproductive health. A complete detail of the adverse effects of caffeine is shown in Table III .
Caffeine labelling
According to the laws and regulations of the USA, neither caffeine nor caffeine-containing ingredients has any special regulatory status for labelling on food or dietary supplements. As per the FDA regulations, beverage companies need to list the presence of caffeine as an ingredient on the product labels. But there is no such FDA requirement to list the precise amount of caffeine present in a particular food product (Mattia, 2013) . The amount of caffeine used as a dietary ingredient in dietary supplements should be listed. The nutrient content must be labelled on the food, but caffeine is not a nutrient. Therefore, the amount of either natural or added caffeine is not required to be labelled. It is technically feasible to label the quantitative amount of added caffeine in a food, but the amount of caffeine that naturally occurs in plant-based products (coffee, chocolate) varies according to the variety, location, environmental factors, agricultural practices, etc. Thus, it is quite challenging to mention the accurate quantitative amount of naturally occurring caffeine in a product. All ingredients (including caffeine) in a retail food product need to be listed by both their common as well as usual names on the product label. The ingredients present in the packaged food material need to be mentioned in descending order of their proportion by weight (Rosenfeld et al., 2014) .
In accordance with the American Beverage Association, some soda manufacturers voluntarily label the amount of caffeine. More recently, same trend has been followed by manufacturers of energy drinks. On the other hand, some products contain advisories against the use of caffeine by children, pregnant women and individuals sensitive to caffeine (Mattia, 2013 It increases mental alertness Smith (2002) , Baribeau (2014) Caffeine has a very consistent effect in all the cognitive domains including cognitive control, working memory and psychomotor performance Giles et al. (2012) It has ergogenic effect as it enhances performance in endurance sports and helps to reduce fatigue Higdon and Frei (2006) , Wolde (2014) Caffeine possesses antioxidant activity as it has a role in scavenging free radicals and hence protects against oxidative damage Caffeine has chemoprotective effect. It has been found that caffeine-containing beverages (coffee) when consumed prior to radiotherapy against cervical cancer, reduced the occurrence of severe late radiation injury significantly Oxygen consumption and fat oxidation was found to increase after caffeine consumption which suggests its role in weight loss Greenway(2001) 8 Relieve pain Caffeine is helpful to treat headaches as it reduces pain. So, it is used in combination with certain analgesics for effective treatment Ennis(2014) Butt and Sultan (2011) 3 Heart problems Caffeine consumption leads to increased blood pressure as it has the potential to enhance the arterial stiffness thereby; it increases the risk of cardiovascular diseases Sudano et al. (2006) , Butt and Sultan (2011) Caffeine also stimulates renin secretion in kidney which causes vasoconstriction of blood vessels and interferes with the angiotensinogen mechanism; thus, blood pressure rises when consumed in high amount Geethavani et al. (2014) It causes heart palpitations or cardiac arrhythmia Baribeau (2014) Caffeine acutely raises the heart rate as well blood pressure. Hypertensive patients being sensitive to the effects of caffeine must consult doctor regarding their intake Wolde (2014) 4 Withdrawal symptoms Caffeine enhances the feeling of sensation. People feel energetic and consume it more often. So, its withdrawal is associated with headache and fatigue Salin-Pascual et al. (2006) , Butt and Sultan(2011) Its withdrawal is linked to muscle fatigue and allied issues in people addicted to coffee consumption Messina et al. (2015) Adverse effects such as headache, increased drowsiness, tiredness, anger and fatigue Rogers and Dernoncourt (1998) , Wikoff et al. (2017) Drowsiness, anxiety, irritability, headache and dizziness Higdon and Frei (2006 ), McIlvain et al. (2011 ), Baribeau (2014 5 Anxiety and insomnia Caffeine intake leads to anxiety Rogers and Dernoncourt (1998), Smith, (2002) , Seifert et al., (2011) It acts as a stimulant of CNS. It provokes mental alertness, difficulty in sleeping, prevents deep sleep as well as lowers the capacity to wake up easily. So, it helps to stay awake for longer period Baribeau (2014) Caffeine helps to increases alertness, reduces fatigue and can elevate mood. Normal consumption of caffeine improves performance on tasks that require alertness, such as simulated driving tasks Rogers and Dernoncourt(1998), Smith (2002) (continued) Wolde (2014) A positive association has been found between caffeine consumption and occurrence of fractures Wolde (2014) 8 Gastrointestinal disturbances Caffeine worsens gastro-oesophageal reflux and stomach ulcers by increasing the secretion of gastric acids in the stomach Boekema et al. (1999) It causes diarrhoea as it relaxes the internal anal sphincter muscles Baribeau (2014) 9 Respiratory health Caffeine increases the respiratory rate by sensitizing the medullary centre to carbon dioxide Benowitz(1990) 10 Reproductive health Caffeine stimulates the central nervous system leading to sleep disruptions in pregnant women. It increases the risk of miscarriages Baribeau (2014) A positive correlation between maternal caffeine consumption and risk of low birth weight of infants has been found Higdon and Frei (2006) , Chen et al. Wolde (2014) 12 Caffeine intoxication Caffeine overdose may lead to agitation, delirium, seizures, dyspnea, cardiac arrhythmia, myoclonus, nausea, vomiting, hyperglycemia and hypokalemia Higdon and Frei (2006) Affect CV function, other body systems modify behaviour, cause calcium imbalance and even cause Cancer and Death. Caffeine toxicity can result in nervousness, irritability, insomnia, cardiac arrhythmias, increased respiration and headache. In children, it can cause emesis, tachycardia, CNS agitation, GI disturbances and dysfunction related to muscles, liver and renal systems and increased ambulatory blood pressure Akinmolusun et al. (2012) (continued) The symptoms of caffeine toxicity can mimic those of anxiety and other mood disorders Greden (1974) , Kerrigan and Lindsey (2005) , Rath (2012) Caffeine overdose can cause HTN, palpitations, dieresis, CNS stimulations, nausea, vomiting, marked hypocalcaemia, metabolic acidosis, convulsions, in rare cases even death. In adults, there is also an increased risk of arterial HTN and type 2 Diabetes as high concentration of caffeine reduces insulin sensitivity Even as little as 50 mg of caffeine can induce tachycardia and agitation. In overdose, caffeine toxicity can mimic amphetamine poisoning and lead to seizures, psychosis, cardiac arrhythmias and potentially but rarely, death Breda et al. (2014) Table III.
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Conclusion Due to the stimulating effect and other health benefits of ready to drink beverages (energy drinks and soft drinks) and non-alcoholic beverages (tea and coffee), these are attracting the young and adult population, respectively. But the impact of adverse effects of caffeine present in the above caffeinated beverages is more as compared to the health benefits. Therefore, the authoritative regulatory bodies as well as industrialists need to focus on the addition of caffeine to specific beverages to provide a safe product to the consumers. In this way, caffeine could prove to be a boon rather than a bane.
